This study evaluated the associations between job strain and arginase I in 378 healthy Japanese factory workers by a cross-sectional study measuring nitric oxide (NO)-related parameters (arginase I, L-arginine, exhaled nitric oxide (FeNO), and NOx), clinical parameters, and job strain using a Japanese version of the Job Content Questionnaire by Karasek. Arginase I and FEV1% were negatively correlated with job strain and positively correlated with job control and social support. FeNO and hs-CRP were negatively correlated with job strain. Multiple regression analysis showed negative association of arginase I with job strain and positive association with job control and social support in females. It is concluded that serum levels of arginase I may be useful biomarkers for the diagnosis of job stress in healthy female workers, although many factors can be influencing the data.
Introduction
Overwork-related stress has an effect on human health. In particular, sleep disturbance is the main complaint in work stress caused by overworking. Moreover, sleep disturbance evokes psychological disorders such as depression. Severe depression often leads to suicide. Changes in the industrial structure due to IT development has led to an increase in the number of workers with depression. Therefore, mental stress in the workplace has become a social problem in which the government should intervene in Japan.
Work stress is also known to be a risk factor for cardiovascular disease and its underlying factors, hypertension and atherosclerosis [1, 2] . Within the field of research on work stress, the demand-control model established by Karasek et al. [3] is well known; this model predicts that biological aversive strain will occur when the psychological demands of the job exceed the resources for control over task content. This combination of high demands and low control produces job strain. Workers in high job strain have been shown to have greater risk for developing cardiovascular disease. [2, 4, 5] . Although this work stress model is used for evaluation of the progression of atherosclerosis and cardiovascular disease, the underlying mechanism is not clear.
On the other hand, nitric oxide (NO) is generated from three types of NO synthase (NOS- neurotransmitters, such as norepinephrine, serotonin, dopamine, and glutamate, and may be associated with depression [6, 7] . In exhalation, NO is measurable and plays an important role in the diagnosis of airway inflammation conditions such as asthma [8] . Fractional exhaled NO (FeNO) showed down-regulation in depression [9, 10] . Moreover, arginase, a key enzyme in the urea cycle, is involved in indirect regulation of NO by the consumption of L-arginine, which is a common substrate for NOS. Studies on the induction or activation of arginase have focused on pre-atherosclerotic vascular changes and asthmatic airway inflammation as pathophysiological evidence that the consumption of L-arginine by arginase may lead to the reduction of NO, resulting in the reduced enlargement of endothelial or bronchial smooth muscleassociated vascular damage and asthma [11] . Serum arginase levels were evaluated in various diseases, such as asthma [12, 13] , sickle cell disease-induced asthma, pulmonary hypertension [14] , cancer [15] , and psychological depression [16] by activity assay and the ELISA method. In a healthy population, arginase I was associated with oxidative stress, exhaled nitric oxide, and L-arginine [17] [18] [19] .
Although there is considerable evidence showing the association of depression and NO, there are no reports demonstrating the association of work stress or psychological stress with arginase. Therefore, in this study, we evaluated the interaction of arginase I with work stress in association with NO-related factors in healthy individuals of occupational workers.
Material and methods

Study design
A cross-sectional study on the relationship between NO-related factors and job stress was designed within a workplace field study. Among all employees (n = 1045) in an industrial company (n = 408) in Hiroshima Prefecture in September 2011 and a food manufacturing company in Okayama Prefecture (n = 637) in June 2012, 599 individuals were excluded due to irregular employment and shift work, and then 449 were selected as candidates for this survey. Finally, 405 employees provided informed consent (written), and the data of 378 of those who had no previous history of asthma, diabetes mellitus, or other serious disease were used for the analysis. We performed this population study for two or three days in the morning from 9:00 to 12:00. A flow chart of study design is shown in Fig 1. The ethics committee of Okayama University approved the study (Number 561).
Assessment of job strain
For assessment of work-related stress, we employed self-administered questionnaires including the 22-item Japanese version of the Job Content Questionnaire (JCQ) [20] [21] [22] . The JCQ model concerns job demands (5 items), job control (9 items), and worksite social support (8 items), with four-point response potions from 1 (strongly disagree) to 4 (strongly agree). The reliability of validity of the JCQ has been reported to be excellent for assessing job stress among Japanese employee [21, 22] . Question items for job demands were the speed in completing work, the degree of difficulty of the work, the amount of work, and the time allowed to complete the work and conflicting demands. The job control scale is a linear composite that measures decision-making authority, task variety, and personal freedom on the job. Social support includes items to evaluate support from supervisors and co-workers. Job strain was calculated as the ratio of the score of crude job demand to the score for crude job control. Then, the participants at the median value or higher ratio were indicated to be high strain.
Serum subclinical parameters
Venous blood samples were collected, and sera were preserved at -80ºC until analysis. Serum high-sensitivity CRP (hs-CRP) was measured by a highly sensitive CRP assay (Behring LatexEnhanced using the Behring Nephelometer BN-100; Behring Diagnostics, Westwood, MA, USA). Arginase I was determined using ELISA kits of Bethyl Laboratories (Montgomery, TX, USA) and Hycult Biotechnology b.v. UDEN, respectively. Information on lifestyle factors, including cigarette smoking, past medical history, and present steroid medication, was obtained using self-reported questionnaires or clinical records.
Fractional exhaled NO (FeNO) and FEV1%
Fractional exhaled NO (FeNO) was measured using a portable electrochemical analyzer (Niox Mino, Aerocine AB, Sweden). This device measures FeNO during a 10-s exhalation with a ) levels in the serum were determined with a NO analyzer (model-280i NOA with the Purge Vessel; Sievers, Boulder, CO, USA) to evaluate the correlation of arginase I with nitric oxide (NO) generation [23] . Serum was treated with nitrate reductase (SigmaAldrich, St. Louis, MO, USA) for 30 min at room temperature to convert nitrate to nitrite. Nitrite was further reduced to NO in the Purge Vessel containing the reducing agent potassium iodide in acetic acid, and NO was subsequently detected by the ozone-chemiluminescence method. Serum L-arginine was measured using an HPLC system (HITACHI, Tokyo, Japan) [24] . L-Arginine was eluted from serum and supplemented with 5 μM monomethylarginine (MMA) as an internal standard, using Oasis MCX solid phase-extraction cartridges (Waters, Milford, MA. USA) conditioned with 2 mL of methanol/water/ammonia solution (50:45:5, vol/vol/vol) and phosphate-buffered saline (PBS). Serum samples containing 5 μM MMA were dissolved in PBS and loaded on an equilibrated SPE column. The column was constitutively washed with 0.1 N HCl (2 mL) and methanol (2 mL). The fraction containing Larginine was eluted with 1 mL of methanol/water/ammonia solution (50:45:5, vol/vol/vol) and dried in a vacuum centrifuge. After the drying process, the residue was reconstituted with water and mixed with an equal amount of derivatizing agent (5 mg/mL ortho-phthaldialdehyde, 10% methanol, 0.5% 3-mercaptopropionic acid in 200 mM borate buffer, pH 8.5), and the reaction was allowed to occur for 30 min at room temperature. The sample was introduced into the fluorescence HPLC system using a TSKgel ODS-100V column (4.6 x 250 mm, 5 mm, Tosoh, Yamaguchi, Japan). The mobile phase consisted of 9% acetonitrile in acetate buffer (pH 6.3) at a flow rate of 1.5 mL/min, and the excitation and emission wavelengths were 340 and 455 nm, respectively.
Statistical analysis
Statistical analyses were performed using GraphPad Prism 5.0c for Mac (GraphPad Software, Inc., San Diego, CA, USA) and PASW Statistics 18 for Mac. The differences in means ± SE of several clinical parameters and job strain between sex, age (< 44 and ! 45), and companies were analyzed with the Mann-Whitney U test or unpaired t test and age-, sex-, and companyadjusted ANCOVA. The relationships between job strain and NO-related parameters or several clinical parameters were analyzed by Spearman's correlation using the natural logarithmtransformed values. For comparisons of the proportions of smokers, alcohol drinkers, and those with exercise habits, chi-square test was used. When the values of job strain were divided into quartiles, differences in mean values of several NO-related parameters and other clinical parameters were analyzed by age-, sex-, and company-adjusted ANCOVA. A multiple regression analysis was performed to investigate the association of arginase I with job strain, job demand, job control, and social support. Covariate for adjustment were log-transformed values of age, sex, BMI, L-arginine, NOx, FeNO, FEV1%, systolic blood pressure, and hs-CRP, and dichotomized scale variable of smoking habit, exercise, and alcohol consumption. A value of P < 0.05 was considered to be significant.
Results
Characteristics of subjects by several clinical parameters
The basic characteristics of the subjects by several clinical parameters and job strain in this study are presented in Table 1 and Table 2 . According to NO-related clinical parameters, high serum levels were observed for arginase I and L-arginine in males compared with those in females. In contrast, the NOx level was high in those aged over 45 compared with that in those aged under 44. Job strain was high in females, and job control was high in males. The rates of smoking, alcohol drinking, and exercise were high in males (Table 1) .
In Table 2 , age and sex showed significant differences between the two companies. Therefore, age-, sex-, and company-adjusted ANCOVA was performed. FEV1%, systolic blood pressure, arginase I, L-arginine, NOx, and FeNO were significantly different. However, job strain, job demand, job control, and social support were not significantly different between the two companies. Among lifestyles factors, such as smoking habit, exercise habit, and alcohol consumption, only exercise habit was significantly different.
The median value of job strain was 0.5. By dividing the values of job strain into quartiles, differences in mean values of several NO-related parameters and other clinical parameters were evaluated by age-, sex-, and company-adjusted ANCOVA in Table 3 . Significant differences were observed in arginase I and FEV1%.
Spearman's correlation analysis between NO-related clinical parameters and job stress
Spearman's correlation analysis results between two variables among job strain, job demand, job control, social support, and other clinical parameters are presented in Table 4 . Job strain was negatively correlated with arginase I, FEV1%, hs-CRP, and alcohol consumption. Job control was significantly correlated with BMI, arginase I, FEV1%, smoking habit, and alcohol consumption and negatively correlated with sex. Social support was significantly correlated with arginase I and FEV1% and negatively correlated with sex. The correlation between job strain and arginase I, and that between job control and arginase I were presented as demographic graphs in Fig 2A and 2B .
Multiple regression analysis for NO-related parameters according to job stress
Multiple regression analysis showed an inverse association of arginase I with job strain, and a positive association of arginase I with job control and social support. When stratified by sex, the association of job strain with arginase I was not observed in males but was in females (Table 5) . FeNO and hs-CRP were associated with job strain when covariates were not adjusted. However, when covariates such as company, age, sex, BMI, arginase I, L-arginine, NOx, FeNO or hs-CRP, FEV1%, systolic blood pressure, smoking habit, exercise habit, and alcohol consumption were adjusted, job strain was not associated with FeNO or hs-CRP (Table 6 ).
Discussion
There is considerable evidence of a relationship between work stress and cardiovascular disease (CAD). Job strain, one of the work stress markers established by Karasek et al. [3] , is also associated with CAD. CAD is preceded by the pathophysiological changes of atherosclerosis. Atherosclerosis is characterized by inflammatory damage in the vascular system. Acute or chronic stress responses may induce inflammatory responses, which are followed by the induction of acute phase proteins such as IL-1β, IL-6, and C-reactive protein [25, 26] Job strain has been associated with inflammation-related proteins including IL-8 and MCP-1 [27, 28] . Moreover, CRP was found to be associated with job strain, which is mediated by physical activity, in the MONICA/KORA study [29] . Therefore, in the present study, we considered it a prerequisite to investigate the relationship between job strain and CRP in order to clarify that between job strain and arginase I. However, in this study, job strain was inversely associated with arginase I. Social support was positively associated with arginase I. Previously, we showed a high serum level of arginase I in asthma and the correlation of arginase I with hs-CRP [30] , as well as the association of arginase I with oxidative stress [17, 18] . Oxidative stress is associated with depression [31] [32] [33] [34] . Several studies showed that increased job demands were associated with depressive symptoms and distress [35, 36] . Moreover, job strain was strongly associated with depression. From this previous evidence, it is speculated that job strain or job demand is associated with oxidative stress and up-regulation of arginase I. On the contrary, the evidence of this study did not coincide with previous studies since job strain was negatively associated with arginase I. However, job strain here was the ratio obtained by dividing the score of job demand by that of job control. Arginase I was not considered to be associated with job demand, but was with job control and social support. That is, the negative association of arginase I with job strain was not dependent on job demand but was dependent on job control. Moreover, when the relationships between job strain, job demand, job control, social support, and arginase I were evaluated by the stratification of sex and company, correlations were observed between arginase I and job strain, job control, and social support in females, and between arginase I and job control in both companies. The strength of the relationship between job strain and arginase I was weaker in company 2 than in company 1 (S1 Table) . Regarding sexual differences in the relationship between job strain and ambulatory blood pressure, there was no inconsistency [37] [38] [39] . However, ambulatory blood pressure was greater in men and women with low job control, in which job demand and job strain were only weakly related to blood pressure [40] . In the Nurse Health Study, a large prospective cohort of 35,000 female nurses, job strain was not associated with incident coronary heart disease in a 4-year follow-up; however, job insecurity was related to the risk of non-fatal myocardial insufficiency over 2 years [41] . Therefore, since there is evidence to support vascular endothelial factor being associated with not only job strain, but also job control, serum arginase I levels may also be associated with job control and social support, while arginase I may be a psychologically relaxing factor through mechanisms that have not yet been elucidated.
In this study, job strain was negatively correlated with hs-CRP and FeNO. However, regression analysis between job strain and hs-CRP or FeNO did not show significant association (Table 6 ). In a Korean study of 155 male bank workers, job stress was associated with hs-CRP [42] . However, job strain was not correlated with hs-CRP [29, 43] . Therefore, the lack of association of job strain, job demand, job control and social support with hs-CRP in this study (S2 Table) may be dependent on the difference in covariates used in each study. As for FeNO, the association of FeNO with depression was observed in several studies [7, 9, 10, 44] . Depression was associated with high levels of CRP and low levels of FeNO [10] . In asthma, acute stress induced up-regulation of FeNO, and depressive mood decreased FeNO [44] . However, another study showed the increased association of depressive mood with FeNO. There was no evidence to show the association of job strain with FeNO. High job strain is not a pathological state, but may be a precondition of depression.
Although the results obtained here are significant, several limitations in the study need to be noted. First, since the sample size was small, the analysis power decreased when stratification was applied. Second, casual relationships could not be determined because this study was a cross-sectional study. Third, some reporting bias may have been introduced because the information on job stress was obtained via self-reported questionnaires. Fourth, to explore the relationship between job strain with arginase I in females, information about menstrual cycles is needed. Fifth, for an analysis of job stress, information about clerical staff or physical labor is needed.
The inverse association of job strain with arginase I and the positive association of job strain with job control and social support suggest that serum arginase I may be a useful biomarker for the screening of job strain in workers. However, to verify this hypothesis, an analysis of more workers is needed. 
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